


Accounting for Carbon in 

Stormwater Management: The 

Carbon Storm Model and 

Potential Applications 



Urban landscapes and embedded stormwater management systems have 

ecological benefits and costs 



Carbon footprint of urban landscapes 

and stormwater management systems: 

potential questions of interest 

1. Do “green” stormwater infrastructure provide carbon benefit over 

“gray”?   

2. Can “green” stormwater infrastructure can be considered “carbon 

neutral?” 

3. How large is the contribution of maintenance to overall carbon 

footprint?  

 



What is Carbon Storm?  

Tool with which to calculate the carbon footprint of urban 

landscape features and stormwater management practices 

 

Developed with partners at North Carolina State University 
• LeShawn Fernando, Carbon Storm Inc. founder 

• Bill Hunt, Biological & Agricultural Engineering department 

 

 



Presentation objectives 

1. Provide overview of the Carbon Storm model  

2. Compare carbon footprint of stormwater management 

systems and life cycle phases 

3. Demonstrate potential uses of the model 



Carbon Footprint of 
SCMs & landscape 

+ 

+ 

+ 

−  

Raw material extraction 

Embodied carbon of 
construction materials 

Transportation to 
production facilities 

material manufacture 

Carbon sequestration by 
SCM vegetation 

Maintenance 

Fuel use by equipment 
during maintenance 

Transport of equipment 
and materials to site 

Embodied energy of 
maintenance materials 

Construction 

Transport of equipment 
and materials to site 

Fuel use by equipment 
during construction 

C Footprint = Embodied C + Construction + (Maintenance – Sequestration) x time 

Objective 1: Model overview – conceptual framework 



Extraction (photo credit: US EPA) 

C footprint: LID vs conventional 

Life-cycle of urban landscape & SCMs:  

Embodied carbon of materials 

  

Data sources: Life Cycle Analysis Database (NREL); Inventory of Carbon and Energy Database (Jones 
and Hammond 2011); Ecoinvent Database (Swiss Centre for Life Cycle Inventories); 
individual studies 

Manufacture (photo credit: US EPA) 

kg CO2-eq kg-1 material 

Product  

Objective 1: model data sources 



C footprint: LID vs conventional 

Life-cycle of urban landscape & SCMs:  

Construction & maintenance emissions 

On-road vehicle travel 
• EPA MOBILE6.3   

• Cemission = fuel economy x Cfuel  

• kg CO2-eq km-1  

 

Off-road equipment operation 
• EPA NONROAD model 

• Cemission = BSFC x hpavg x Load Factor x Cfuel x ρfuel  

• kg CO2-eq hr-1 

 

Objective 1: model data sources 

Pond construction  
(photo credit NCSU BAE) 



Vegetation type 
Sequestration rate  

(g C m-2) 

Trees (hardwood, softwood) 
0.4t1.82 (hardwood) 

0.16t2 – 0.46t + 2.2 (softwood) 

Wood Mulch (decomposition) 1.5ln(t) + 1.1 

Grass 
50t (fully watered) 

28t (water limited) 

Herbaceous – wetland (CSWs, 

littoral pond fringe) 
100t (Humid climates) 

150t (Continental climates) 

Sedums (green roof) 190t for t < 2 yrs 

C footprint: LID vs conventional 

Life-cycle of urban landscape & SCMs:  

Vegetative carbon sequestration 

Objective 1: model data sources 



Objective 1: model overview 









Carbon footprint of urban landscapes 

and stormwater management systems: 

potential questions of interest 
 

1. How does the initial carbon footprint (embodied + construction 

carbon) compare across SCMs? 

2. Can SCMs be considered “carbon neutral” through time?  

 

Green Infrastructure  

Bioretention 

Permeable pavement 

Constructed wetland 

Rainwater harvesting & reuse 

Grass swale 

Grass filter strips 

Green roofs 

 

Conventional 

Sand filter 

Standard asphalt, concrete 

Stormwater pond 

Potable water use 

Concrete pipes and channels 

 



How does the initial C footprint compare 

among stormwater control measures? 
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LS-VSF = level spreader-vegetated filter strip; RWH = rainwater 

harvesting; BRC = bioretention cell; Sand = sand filter; Perm = 

permeable pavement; Green = green roof 



What is the influence of maintenance and carbon 

sequestration on C footprints through time? 
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What is the influence of maintenance and 

carbon sequestration on C footprints through 

time? 



How do “green” versus “gray” stormwater 

conveyances compare? 
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Carbon Storm: 

Possible Applications 



Background 

• NCDOT  

• Carbon footprint of 

Stormwater Control 

Measures (SCM) 

• C can be considered in 

selection of SCM 

measures  

• NCDOT is using it create 

a carbon bank 



Carbon Storm 

• Carbon Footprint 

◦ Carbon used to 

manufacture, deliver, install 

and maintain SCM 

◦ SCMs include landscaping 

and so the model also 

accounts for carbon 

sequestration in vegetation  

• Scaled from site to municipality 

• Examples  

 



Municipal 

• Carbon Footprint  

• Focus on GHG emissions  

• Carbon Storm lets you look at 

lots of other things 

◦ Landscape Maintenance 

◦ Stormwater Management 

Policy (Grey or Green) 

◦ C sequestration (e.g., Arbor 

Day, policy on street trees) 

◦ Carbon credits and banking 



Developers 

• Help select stormwater 

management strategy 

for subdivision 

◦ More land for 

development = $ 

◦ More land for C 

sequestration 

◦ Marketing Opportunity 

= $ 

 

 



Site Planners 

• Evolv 1 in Waterloo 

• Green Building Council: 1st Zero C Building in Canada  

• Green Building Council looks at building but not site 

• Carbon Storm can be applied to the site  

• Zero carbon site or possibly carbon credits 



Summary 

• NCDOT wanted to look at 

carbon footprint of SCM 

• Carbon Storm can be 

used in many ways 

◦ Municipalities 

◦ Developers 

◦ Site Planners 

• Others? 

• Carbon Taxes/Carbon 

Credits? 

 

 

 

 

 

 



Thank you! 
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